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(54) HIERARCHICAL DISK DRIVE AND ITS CONTROL METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To improve the hit rate of caches by 
performing such control that data are not stored in a low-order cache when 
transfen-ed to a high-order cache. 

SOLUTION: The caches are made hierarchical between a host controller 
103 and slave controllers 139 and 112 and have the constitution flexibly 
altered according to a request access time and cost. Here, caches 1 05, 
1 24. and 1 30 are provided in the host controller 1 03 and slave controllers 
139 and 112, and control is so performed that data are not stored in the 
caches repeatedly. Namely, the controllers which are made hierarchical are 
provided with memories for storing the hierarchy levels of their controllers 
and when data are read out, the hierarchy level in the memory is read out 
to performing control so that only the highest-order controller stores the 
data in its cache. Therefore, the repetitive storage of data in caches is 
suppressed, so that the caches can effectively be used. 
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get, «t3Btt»:<DT«li(iiiJWSefcigi^;^tifctt«lc®x 
fi©J»S« flag tlfcT^^ X + ^ -y -> a. e. /^c -5 K 

^ft-rtl^ifeS'JWSfico^'^' X >y ->3. *^ 6 *^ 
Tftlilffl^aOT^^- X ^ ^ -y i {tMI2x-^ ^rteiH 

■r-s d t^^tsti-r 2 umomm'T^ x 

MfES±saffliSBfr^^$nfc«ts© 

[0 0 0 1] 

C^D, |Sg^<b^tlfc7'^Xii':^^v~y->a.<DWfflS6*S 
[0 0 0 2] 

[S£*©S»] -^«)(:3>e^-iS'->XT-A«. 
■fe-yii-t2;*:isigSffl*^e>«i^snT<.i«). ^LX^xm 



ffi, 7'-i'X^fB1t«B«'^*ro#u:*«Si>i>Tii!tidt. 
^ * - *;i/fj:I!lfPSr# ^ KSlT^^ X SIB©ttffi«:/p 

05 :i&fea:bT, jy,To2o©;5ffi*ia?)ti-rvi^. 
[0 0 0 3] ^-<o*fttt. x^xi^iMffligerttcx-f 

10 TS«S8*ai!^S^d^^*bfct€rC«xw'Xi'^-^«y 

•>i*^e>x-^?&l&OtB-r::i:T. x-i'Xd7feB'^C07 
^--feX^mj^LS^^t^ffaSST'feao ^^-yvo.^ 

r) orj X hd*a^x-< x Kit '^iiSffi-cafe-sfc 

15 J6, jS^«a^^'CX5'^»©Scl 0:JJ-<Dl*^e,»l 0 

o^j-oio^Sdi^itenrv^-s. vifelffl;tr}i 
tt, S'fe«5gtc7i7-t:x^Ens]etct&iWUT*5^, St> 
Ti7-feXSn;a:7&^t3fc5^-;J'®iilittlL<£fT^o 
L RUaia<i:t.iVi« =¥'^y'>3.mWfy3iiX'\t-'m'^X;& 
20 5, cne.©;?rft{CWL.T. #M¥6-2 3 1 0 4 5^ 

[0 0 0 4] |g-cD;^fett. JS^T^-i-Xi^^M^JlcftilW 
•r-2.^i:Tl4t6S:!6]±$-t±;5;^rSCT'fe«i„ D.Patterso 
n. G.Gibson, and R.H.Kartz6(Cj;-5" A Case for Red 
25 undantArrays of Inexpensive Disks(RAID). in ACM SI 
GMOD Conference. Chicago. IL", PP. 109-116 (June 1 

988) (OT, mi<Dmnxmt<^s) x\t, m^T^-f 

Xi; H^-f :/fc5^-;S'*^>tS[LTBHBf S^tTT^^X 

30 U i&-5l>ttE C C ill?«tl-55LS7^-^'S:*&iS 
f ^Cl<l:-Cfi^14fciSr*SRA I D irti 5 7^^" Xi^ 7 k 

[0 0 0 5] -DSD. Tl/'f X'l-Xi'THi. ffi^OT^-f 
Xi? F5-1'y(C*fLTM?iJtcAtii;'3*ft30T. x-iS' 

xi' K^-f rfid^sdi^^Lfct^Tfe/tuT^-f tmm 

[0 0 0 6] ±sa5:fitT«. ^—^<r> 

40 mw3m\z^K)RAiT>v^)v^m.mz^m\^x\^^^, 

AIDl. RAIDS. RAID5-CafeS. RA I D 1 

^«-ra ^ tx'^^ X ^oi^*(c^*t-5is^tt^?s*T 
tifa p X i'*> e>^tr ^ txm-y'^ x Jt^^is 

jfefeS, RAID3«, ^— ^'-^^tfty hab-5(.i« 
A-f hSCX h^-f tr>^L^^(Ox>i'Xi7{C5l£^J(C^ 

50 RAI D5ttAlll:^::''D-yi7®*ffii:UT«m®5^'f X 
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[0 0 0 7] RA I D 3T-«^-Am;^S*^/hS/?C# 
K)h±^Umt<LX'Xhy-(ii>^^nv. RAID3« 

T, RA I T>2\m\z^m.mts.v'-^xmtst^mik^ti 

S-^JP^^^^T'-f T^I4^a^Sif-»tCffll,ietl-5, RAI 

[0 0 0 8] — :*rT, xi^TU 
Xi? T U-r 3 > h n-7 t^^Ox^ Xi^&e*Sii^•r 
[0 0 0 9] ;:o^i)ffl*«*f -s^^feiLT. Sdiai^B 
^mm^tr^-)^mmm^^ - 4 4 3 2 2^i>^ttas'< 

[0 0 10] 

[Siag^^^PftLJ^^tf-S^^] #0S¥7-44 3 2 2 

ts.\^^. -ecT% mmi\i^ntz.mm&^<o^^\z^\-j>^ 

*^mljS©LRU$iJP^fT5Ci:tcfj:S„ mm\t-^t\tc^ 

■v<yvi(DS-^T. st)»je-y-i7-trx^n;tT'-^€^ 

[ 0 0 1 1 ] iS, a^s^e 1 (csijfflg® 2 . 3 Ti^'s 
^^nfcPgSf'-rxi'T^'f •^'s.o^ mrmmmiz^^ 



■S, coi^, $iJifliSB2(;:Si^$n^c7^'(-xi7/voig 

ffiT* * S!if«i«B 1 'viEsi-r s t , jM^sp^B 1 1) mmm 

m2 tmmz^=¥^-y->:i.\^izy^-^^isi^-r^, 

10 *5, #M¥7-44 3 2 2T«+-\'-y>'i©*!lli:;&ffifC 

[0 0 12] if%m(r>^m\t. 7'-^^«»CD+^^y-> 

\zmmri>^^^mmr^ :itiz$>^, 

15 [0013] 

fc. PiSfk^nfcw^Bfo-etnenfc, smwsbw 

m\zmm>^=t^)rH(Dmmmmu-<)v^m^\iiv, m±&. 
20 SffliSBT^cttntie^v y z^a.iz^ty'-^'^^^^vfJi 

^df^^y ->3. »C*S^-r^ <»: i fete. /I U 5r 1- 
«±fi:$iJ«SB*^e.Tfi:S!l?ilgfirtcD+i' vifCT^- 
[0 0 14] 

30 [0 0 1 5] 01«. 2^5gHJtCi:«.|5gl?^Xi':^^Y^/ 
«fiKBI5*Lfc*)<OT»-5<. 1 0 2«. T^^-X^^TH" 

um^mxhy). 137. 1 3 8\t^^7,i>7U'fmm 

mmi 0 2;0iAm:^S:ff ^T^-^X^^BT^-S. T^^X 
35 i^TKSffll^ai 0 2tt, Jf:X hya-fe-ytJ-l 0 1 fC 
S?ii^^FnTtiS. JisX hT'D-fey-lJ-l 0 l*i^(07*WX 
f AtHsb^^SrT^-^X^TKSimgBl 0 2*t§lt^ 
0. x-fXi^^B (1 3 7. 1 3 8) (;:*fL-TAtB;^S- 
ff5. x-rxi/Tt-fWW^Bi 0 2«, ±fi:«!l«»B 

40 1 0 3 t«i!cOTft$iJfflIftB ( 1 3 9 . 112)*>e,« 
BK^tlTV^^.. «^OTfi:aW^e (13 9, 112) 
' (i7^-f X^'^B (1 3 7, 1 3 8) (DAtiiiJt:m^. ± 

&mnmmio3\t. xi^xhT'p-fe-ytJ-i o k^aw:^ 

S*^§Wott«?f?b, m©T&©JW^B (1 0 4, 
45 112) (t^fUTAm^r^^W^J-gaSrfT^. 

[0 0 16] ±&:mmmm i o 3«. asiT'D-t-y-y i 

0 6 (etTCPUiBST) , +-v>y>'j.3>hD-;i/^ 
^'J107 (&l.TCCMi:H§-r) , sT-^ if a-fay^ A 
10 8. jJsX ^'r>^S'7x-X©J^^Pgl51 0 4, 
50 -yv-J. 1 0 5. X'f >;/g^l 0 9. -t'>^'>'x-XWW 
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(110. Ill) j^^6«^$nTv^^o ±&mmmm 
(13 9, 112) \zji^m.'^^c^x*$>^o z.n6(om 

[0 0 17] ^-(^ayaif^^A 1 0 8tiil^t^¥^ft: 
^^^J\Z^m^nX:^0. CPUl 0 6:?&^^i^^WL • 

9\tmi^<Drmmmm (139, 112) tzAw^^s 
^^^si^^mm^^r:>o cpui 0 6*^^<^fg*T, 

tl^o Or^^y'x-XtJfflias (110. Ill) \tT& 

ummm (139. 112) t<Dmm^mmiy. awa 

[0 0 18] ^^^^'yi^^l 0 5\t. ^7sh:/a±^y 

1^1 0 if)^i^m:^<D$>'Drzy'-^^-'mm\zi^»iLT^ 

< C(hT5^><X^|ga (1 3 7, 13 8) ^(TDT^irX 

^B'Ji^bAffi;(jfi!LS^iSafb'r^;td6tc^tt6n^o c 

CM 1 0 7 y>^:i<Dmm:^m\zm'r^mmf)^ 

[0 0 19] TffiatS^g (13 9, 112) mt. ± 

wsB (1 1 3. 12 5). T&:mmmm (139. 11 

2) ^«ffl-r^CPU (114, 12 6) ^V-f ^DT" 
n^-^A (116, 12 8), a'^X^:7^g (137, 
13 8) <Dy'-i$^^-mmzt&m't^T&:^^yi^:i 
(1 2 4, 1 3 0) , T&^^yi^zL (12 4, 13 

0) {zmt^mmmmmm^ntzccu (i 1 5, 1 

2 7), X'<X:^3V>K^^>gB"r^X< (1 2 
3, 13 1), 7^-<X^SB (1 3 7, 1 3 8) t<D^ 

3 2- 1 3 6) , /tU7=*^afflI (1 2 2, 1 2 9) 

[0 0 2 0] Tfi:$JriS)^® (13 9, 112) (D^Um 

m^rA<Dm^x$>^o RAiDifr^^^-u>^Tfe 
ibmtsz:txm—y'^y^^\zit^Mmx*$>^o raid 

3\t. h$>^^^tJ'^^ hmzT^h^^ 



[0 0 2 1] RAlD5\itXmi3^ay^^miiLtLT 
m^(Dy'^ y.^\Z7.hy^\i>^^fTO U^JUX$>^o 

}d>^t^mz^L. RAI D5t^^n<fcD*>;^^fj:m 
ffi-eXh^-f fcf>^S:ff RA I D3«#-a-lfcr) 
Affl^'j^iifa^k-r^Cch^^ti^SiS^lJTS^^:^^, RAID 

5 \m^::i-if(DAmt}^mmzmnr^ z. t:^^^rj:s 

10 WT*So «£oT, RAID3«#fC;*cS«fj:5^-^A 

15 [0 0 2 2] RA I D 1 , 3, 5Xm^^n<Dm^h. 
y'-^i&mmiZKS:y'-^ h mmiZy"^ X ^ tCg^iitJ' 
ilt-emmttt)[^±bTV^So RAIDl 

T^fitt^Sffcii-Tl^^o ^fcRAID3, 5X\t. 
t.^-rn75>(7D5^>r X^^W$^SC1LT^>, RAIDl, 

3, ^\^^^n(om'^%n^^uz.\^fz^4 7.^(r>'f-^ 

[0 0 2 3] RA I D 3tC:feViT£tT<^J:'9fC 

5^>fXi7 1 "r-^ =10101010 
x-rX^2 =11110000 
30 7^><x^3 /tu-T-^r = 0 1 0 1 1 0 1 0 

e:<7)i^.«Tx>f x^ 2 tmm^^z.x^m^m^if^x'^u 
<?^ofc«^, 'f>(7.cf\iLv'4 7.^3mmmmmi 

-x^X^l ^ =10101010 

35 ^>rX^3 /tU'7='^ = 0 1 0 1 1 0 1 0 

i&3Sfp =11110000 (7^>f X 

Tfe^o 01CD/1U5=->fS!l¥? (1 2 2, 1 2 9)tl/1'J 

[0 0 2 4] if%W^\m\\Z^^^o\Z. ^w'y:^ 

t^±.^mmmm i o 3 t^y^uYwrnm. (139, 11 

(hCD^&S^^, S^T^-feX^fpl^nxhtCiSCT. «^ 
45 ^^IJCtC^MT^^C^Tfe^^ -«fiJtLT, ±fi[<0^ 
"\-*y->rLl 0 Stinx h;&^iSV>>0^'Ji53i;S:*ag#:^^UT 
#I^L«jgfc:Ti5^-irX^nSa^-^*«^bT43^, T 

^^^vi^:x\%±.&.^^rvi^=L\ZYc-<m^tm^7. 
50 A7s^Wm^W<J:>V^lLhE\%^^vl^:r1f^'^--Xtb->tz 
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[0 0 2 5] *^?^o«Fa«. ^^ryi^zLfimmit^n 
3ntmm(D-ri<Lmm&m (i 0 4, 112) wz^^ 

-/>'a.(10 5> 1 2 4, 1 3 0)*St"t, S^^<04^-V 
[0 0 2 6] |g2:feJ:^Xia3ti, ^%miz:^^1r ^^MM 

(Dmm^^Lxi^^^. 02T«i&f^«s**L, msx 

-bffi^^^y 0 l{^^t«»<Z)T^^^V^y v:x (2 0 

5, 2 0 6) :^mm^nx:^o. mm^^yzy^mmiz 

nRi^«K^i/^;i^=i (2 0 9, 2 1 0) x&^o ^ 
Tffi*-^' :y v:i 2 0 5 \z\tm^]h^nrz^-^\t,m 

m\^t^^^2 1 2o ^^ii*n;^C7^-i5^«±ffi^^!y'>:x 

2 0 1 fc^jai^nso 

[0 0 2 7] ZZ.X. T^^^yzy:^t.nm\zm±.^^ 

^vi^^Lii^Eot^m"^-^^ (2 1 1) o z.z.x\'^m±.^ 

^^ryi^zLX&^tzib. =¥^r y zyzL\zm^li<^tlrz'7'— 
^\mm^n (2 0 2) , ^(Dy'-^\mmz:ii^7.h'f 
U^y-^lzmm^n^. CKT^B^, &±U^^yzyz^:^^— 

(2 0 7) o T^=¥^yzy^x\t. ^m^^mm^rirc 

^y)±mzy'-i$r^mmT^m<D^x$>D. ±m^^m 
m^tifty'-^\m^mz^m'r^o zn\^. ±&:^^ 
yiy^\t. m^mm\zmm'^n^y'-^(D^^w^L. 

^yi/zx \Z tt ±fi:^ ^yi^zL \z^m L^nt^i)^ r> 
±:^it^rzist>X'$>^o 

[0 0 2 8] m2(Dmm^noz.tx\ mso^^oum 
^tim^n^o m3\t. ^iit^(D^^yi^=i.mmL. 
BMcDmmm^z^n^mm^^ y zyoLomm^ttmLtzm 

X$>^o Vt^(D^^yzyo.mmn,. ^X(D^^ryiyD^\Z 

fitt/O^^U-Sa ±ii^-^!y v:x 1 1 0 1 (CI 2m(Dy'- 
^ifiif&mx^. y^^^yi^:x {\1Q2. 110 3) 



\z\^^n^nQm<D^-^ti^^m:€^m'^^fr^\^x\^^ 

So 

[0 0 2 9] it^T.V'fu^y^t^^Xti^^i)^^^^^ 

li^^^ryz^zi. 110 1, y&.^'^yi^^L (110 

05 2, 1 1 0 3) ^n^enx. m^mm^T ^^7.^ntz^ 

nrcy'-i$^f)mm^^rzisb\z. ^^yi^:x^mmz^m 
-r^z. hiztji^o ±^a^i->yv^l i 04 

iz\m^iimmizm^mm\zy^±7s:^n^v^-^^^n 

10 V. T&l^^yi^a. (1 1 0 5. 1106)f'ti, ±fi 

^^yi^zLi 1 0 4\z^mhrzy'-^\t^mvt^\^^mm 

€:fToTl^S/cJ6, =^^yiy:r\zil^m^n^'T-i$^\zm 

x\^^rcmmt^^mmtf3ir). c<Dmm\zmv\^^y'-^ 

15 ^^m'^^Ztf)^X^^<^olZtj:^. 

[0 0 3 0] m4\t. ^mMiz^»^mmm<D'^-(^u 

yp^^A3 0 lcD«ifi*^bTSo ±ttfel!9Sei 0 
3i:T«fc»J«^e (13 9, 112) 1 1> tC^figttl^ U 

X$>^o 3 0 2ttn'^>F©J^, 3 0 3\tmm=^^yz^ 
20 ^»Ja, 3 0 4ti4^-\'ty>'^WaUX h, 3 0 5tt^>r 

:^^m^ji^^&^m^Mm. 3 0 6«x>fx^«#ij.^ 

3 0 7tt^S:^^^yS/^^]gS81S^$iJ 

>}^um3 0 zx^^fm-f^nmm^n^o ^o^^^. 

0 5^^*D?a^m^n, m^7^^mmx$>ti}^'i^><x^m^ 
7L^&^m^mm3 0 6:^mzsa^n^o y'^:^^m^ 

W 3 0 6 (^Tti^n'6npgl4^'\^ i^zLUm 3Q3fim 

O^, 4^-\'^y>^^^aU;^h3 0 4;0^*^ffi$nSo 
^yS^^WSUX h3 0 4tte:^-V!y v:i<^)<£ffl'JXh, 

^^Sfjss 3 0 7 ti, ^(c^esi(jB#{c*ft$n, pge^^ 
35 ^yzyzj.(Dum\z!i:^mr<i.mm^m&t^o :in^<Dmm 
\rA\zmmr^o 

[0 0 3 1] msit. mm^^yi^zL(Dmm\z£^mtiim 
m^mm^nrcccM (1 0 7 . 115, 127) cdt^ 
-i$'«is^*LTi^So z.n^<Dmmt,. mmmmmz 

40 l@H^V^y>^:3-?;]ffl^^aSI3 0 7t-cfcoT^^^n 

So 4 0 ut|5gsi/^;u:7^-;i/HT^o, A^^x^yD 

-fe ^y it^cSfejfiVi^^ y i^^-^mm U^)V 0 T'fc 0 , ^ 

02n. ^^yiyzL<D9m^^'i^t.^m^mm^nof)^ 

m4 0 3h^^ryi^=LmmTmm.4 0 4\±. ^^^yi^=L 

(D$>.^n'^9cm^mm^E(Dn.^xn 5 :f&^<c>s:fii;^tt&^ 

50 -i^'SrteiSIU, *fiefflffl*S^iS^-ro ^fc, =^^r^yvir 
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[0 0 3 2] meJtts m4<D^-f ^u:/U^^A3 0 1 

3K?^j:0;^^7^^fiJ^$n> A:^^* (READ) TSn«X 
^^y^S 0 StCit^, V^fi%M (WRITE) T^tl^i 

[0 0 3 3] XT-^y^S 0 3 ti. ^ T.^W.^'iL^SL^t 

*fUT+'V^y>^ii-aiai^fT'5o X7^^y:/5 0 5t^±feS 

>^5 0 7t^5^>rXi^S^ii^&^<i:*S^ttfflI^&ff3o 

[0 0 3 4] mi\t,. ia4CD|5g«:^r v^affll3 0 3 
(D>^n— ^^LTli^o XT-^yr/e 0 ltd:nv>HW>£ 
jaST^O, m;^l!*:^^A;^;S*;^i^^W^T^o A:^^ 
5jcT*tltiX7=-^y y 6 0 2 l3ji^m:t?S^T^nfrSX7^ 

^y:/6 0 9ic3it?o x^^y:/6 0 2-efri, ccm m\ 

1 0 7 . 115. :feci;n^. 127) F^<7)^g l^^;i/'7 
^-;i/H (05(7)4 0 1) <Z)Sg<5^aib^fT"5o Z.<Dy>( 

<7)^^-/5>zLT*tl«l7^^*&*rt$nTVi-5o XT^^y^e 
0 3 ^^§4^ V ^y ^y >^ii;^^^5T:^ci:V^7;?^ 

c^^ij^^^fr^o g±&^^^y'>3.T$»tltfX-T'^y 0 
4(3x1^, -?-5T/ci:ttn«X5^>y:/6 0 efCittJo X5^ 
^y7'6 0 4T«, LRU^BS^fTPo LRU5!l3ia:«, 
^y i^=Lt'^yMzf^->tzM\zE(05'-^^^^\^^^is^ 

[0 0 3 5] XT-^y/e 0 4Ttl. S!-?^ii^S*{r*fb 
TSii $ tifcy^- ^ ^gg^ t;: ^ ^y i> zi- t&^r ^ /^c 

[0 0 3 6] X-r^yr/eOe, 6 0 7«, U^^yl/a. 
ffi^ ^y 5> 3- TT^ci:;:^^ fcJ©^ tS, 4^ -^^ :y v- > ^ L /j: 

m^n^o :zn\t. ^^iz±mz^^yzyiL^iw^T^ 



0 6T4i, ±ffi^S{C5^-^^&itt-^o XT'^yT'eO 
7 »y '>:3.M«Sr»»r^o 

[0 0 3 7] XT^^yT'e 04. 605. 606. 607 
05 \Z^Kt. l^^^yi^=L^m±U^^y>':xX$>n\i^^ 
yz^:x\Z^mi.. ^oXf^ntl^i^^yz^rLlZ^mmi. 

ui^mm^mmLx^. non^oftabizccup^izm 

[0 0 3 8] X7=-^yy6 0 9 «»^iX^MS<7)^^{C* 

zy^pm\z^r). mmit^nrz^^yiy:xmmzi^\^^ 

X. ^^^yzyzLm\zmm^^y'-^^t;^<^Z.tf}^X 

^^yz^:^mm^m^[^±^^:itf)^'^m\zu 

So 

15 [0 0 3 9] ^8^^. =^^ryi^^'^mVXh3 0 ACDy" 
-^mjt^7F:VX^^^o 4 0 5\tm5iz:^n^^^y>^ 
zLftfflUX h7S^>^^TfeO. 4 0 eti^^^A'^yi^:!*^^ 
ffiUXh#<>^T»So 4^^^yvzL€efflUXh3}?-f > 

^4 0 5 \z}tt. j^^^ y iy^p^xmm^nx^^^mmf)^ 
20 ux hj^^Tt&^^nx^feo, ^v:^hmt'j^(DOxh 
^(D^^ >^7 0 3. mmmmmmi^ ? 04 f)^»m^n 

TV^S« UX h(7)Stt<7)^^c7)UX h^O^-f >^ 7 0 3 

^m^n^tU7.h<Dmhmwz0 7sh^x.^>^mo 
[0 0 4 0] st>sieTiJ7-fex^n^c®^ 

^i>JXbcDgjt)gmJw:fe:i^m, «t)S<T^irX^n;^d: 
fc®«t*=^r^ y z^D^mm U X >^ 4 0 5 iC« 

e) < o <h ^ 4^ ty'> 3- ^ffi U X h Tjf > ^ 4 

0 5izmhjB:^^v:^hf)misi'r^chxLRumm^n 

^LTV^^o ^^•^'^yx^^ffifflUXhJi^-r >374 0 61C 
^^nSUXht^. 'egffl^nTl/^T'ct^/^^^^'yv-:!.®^^:^^ 

[0 0 4 1] m9\t. "T^x^m^s^^&^m^mmo 
yu-^^hx\^^^o ^.y^y^s 0 ix\t±&:mm^D 
w^^nrc'f-^f)^^^yi^^\zi^W]'^tix\^^^'f)^ao 

40 ;<i>COfl^^ff C:n^l0 8cO4^'\'^yxa.<£fflUXh^ 
1f-5^-rs:i<^:'r3I^T^So XT-^yT'S 0 2Tt)L4^ 
^y 5>:i{C^-^;0^**&^$nT(/i/i e> i^^i^y i^=L b ^y 
h) ^aS^^IT^-fr-So ^^-V'^yS^jLfct&iSS^nTl.ii^^cCfrt 
tl« (4^-\'^y>-^$Xh^y H) XT^^y/S 0 3 1151 tTo 

45 7.'Ty^%03X\t. ^ ^ y zi^W^^m^^ ^ o dtl' 

mB(D^^yi^zL^mm^)ysVi^^>i^i)^7^vx\^'^ 

^^JT.h^miR'T^Z^X^m.X^^o X7^^y7'8 0 4 
Tt^x^X^A:^7^5R^^^b. t'^X^«S;6^^x- 

50 C<DjJlSii/^^yi7^5^^'>>H"r*ff$nSo 
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to 0 4 2] SI x^^m^&^&^t^m^ 

r^mizy"^ 7s^^(Dm^&^^rT^x^^^tmmmm 
(om^j^^^^yo chx^^m^\^±^'tt^rc^(Dmmx 
[0 0 4 31 Maicoao, x^X^TU-TTtt/lUT^^ 

^-i$r;^t^^^-e*f9> 7.y'y:/9 0 3XUZ.n^<Dy^- 

^ti^±.^^^ylyD.\Zf^^^ti^'&-'^'t^o Z,n\t. 

0^ tiT^- ^ ^ a« b t'cJ: ^ <i: 3 ^ :3. S^j Wl ^ fr o T 

\^^^tc^. mm^-^i)^AL^mm\zn^'t^'^m'&m& 
/^v'r^ ^mz'^^mr<^v'-^'f)^^fEi^u^^m^\t. re 

0. AUt^xC ^^jSg-r-So XT^yy9 0 5X\t. 
[0 0 4 4] m4\Z:^i,1r^V§m^^yi^zL 

wmm^mms 0 7 \z^'dx. mi\z^\f^ccu (i 
0 7. 115, I 2 7) p^<Dmmu^)iy^-)iv m 

5<^40 1) \Zii<Dmf3imf)mm^tl^:b^t:^LX\^^ 

x^fzf)^. mi i\z7nT^o\z. smm. s^v^^^^ti 

0 1 \zmf^^nrz^mmmmm. ( i o o 2 > 100 
3 ) . $ \z^mmmmm (1002. 1003) {zt^ 
m^tirzmr&immmm (1004, 1005) o^^o 
rmj^om-^. mmu'^)iy^-j]^)^ifrA<D^3\zu 

So 

[0 0 4 5] mji&mmmmi 0 0 i\to. ^mmmm 
fi(ioo2, 1003) til, mT^mmmm ( 1 0 
0 4, 1 0 0 5) ^tiizm^-t^ctXs ^mmmxy" 
-^f}mm't^ct\tm<u^o cti^xittmm'^^iEn 
izmifi^x^^^^m-^^m^x^rz^)^. y^^^y^izm 



y zyzL\zmm:^m±iyrzm^x$>^o m±&:mm 
ggi 0 0 i^<D^^y->zL-fymw^is::iyrzm'^\t. 
^(D:k<D^m(D^^yzy^ mi iTti+r^ifflw^Bi 

05 002, 1 0 0 3) f)im±&.^^'y>^:x mMl^^Jly 
[0 0 4 6] 

mj&^tl^y'^y^^TU^\Z:^\^^X. T&^^yzy-uX 
±mZy'-^^^m'r^mt^=^^yz^:x\Zy'-^ 

^t. mhmmz^m^n^y'-i^<D^^t&m^n. 

15 yzy zjlIZ \t±&^ ^yi^zL \Z^M\ L^'^tlUt^ -otz^ 

—^^^Wi^n^Z.}z\zts.^tz^. ^^y^y=L(n\:.yY 

[01] :i^%mz^\^^imm(0'^vm^^<tmx^ 

20 -So 

[02] *^§g<oj|jfifi?yr;::fe^tsftfP«s**'r0T* 

So 

[04] ifmm%mm\z^\i^^^^^u^u^yh.m 

25 ^Sr*-r0TfeSo 

[05] *^0^c;O||MMtC43ttS + i'-/>/a.ffllBI^^U 

(CCM) «3g^^-r0T^So 

[06] *5g^<D^3fiWJc:feVtsr3V>H$ir#>'n-^ 

30 [0 7] i^%^m'^%m\z^\^^wm^^ y i^a^umy 

□ — ^^^■0^35^0 
[08] *^HJ<^^SS«ftjrc43frtS=*-^u/i>zLS3SUXh 

[0 9] i^%m(nmMm\z^\^^^^7.omh^^Lh'^% 
35 St^sm:7D-^^'r0Ta&s. 

[01 0] *^BJ<7)^*g0iJfC*3frt55^^X^»€rii^& 

MW>'D-^^T0T'S»S<. 
[011] *%H^CO^Sg0iJfC:fettS|5gg|/^;P^^"r0 

40 m^cr^mm 

1 0 1 tJnX hT'Dir^yit, 
102 ^^'^X^Tl/'I'Slll^a. 
1 3 7, 1 3 8 T^>rX^Sg, 

1 0 3 ±e$»jwgB, 

45 13 9,112 Tfiffl«93Sg, 
105 iffi^-^^'yv^zL, 
1 2 4, 1 3 0 T^^^y-y=L. 
1 0 7, 1 1 5, 1 2 7 ^-\''yS/^«iJffll^qEUo. 
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